MTCMOS FLIP-FLOP CIRCUIT CAPABLE OF RETAINING DATA IN SLEEP MODE 

This U S nonprovisional patent application claims priority under 35 U.S.C. § 1 19 of 
Korean Patent Application 2002-68932 Hied on November 7, 2002, the entire contents of 
5 which are hereby incorporated by reference. 

BACKGROUND OF THF INVENTION 

1 . Field of the Invention 

The present invention relates to a flip-flop circuit employing an MTCMOS 
10 technology and, more particularly, to a flip-flop circuit employing an MTCMOS technology 
capable of retaining a former state of sleep mode when the state of the system is converted 
from sleep mode to active mode. 
2 Description of the Related Art 

An MTCMOS (Mnlti-Threshold Complementary Metal Oxide Semiconductor) 
15 technology is advantageous for improving an operation speed of a logic circuit 10 as shown 
in Fig 1 by supplying a power supply voltage (or ground voltage) to the logic circuit 10 
having a relatively low Vth (threshold voltage) as a MOS (Metal Oxide Semiconductor) 
transistor MP1 or MN1 is turned on in active mode, i.e., in power on mode, and for 
decreasing a leakage current or sub-threshold current of the logic circuit by cutting off the 
power supply voltage (or to ground voltage) to the logic circuit as the MOS transistor » 
turned offin sleep mode. The MOS transistor MP1 or MM having a relatively high Vth ts 
connected in series between the power supply voltage (or the ground voltage) and the logrc 
eireuit 10 The MTCMOS technology is especially useful to decrease power consumption of 
an LSI (Large Scale Integration) chip for mobile applications in which the time in sleep mode 
is substantially longer than that in active mode. However, the MTCMOS technology has a 
problem that data stored in a latch or a flip-flop of the logic circuit in power off mode, ..e., 
sleep mode are lost, In the flip-flop circuit employing the MTCMOS technology, vanous 
circuits, which have solved the data loss problem in sleep mode, have been disclosed. Frg. 2 
illustrates a prior art D type flip-flop circuit capable of retaining data in sleep mode, winch ,s 
30 disclosed in IEEE JOURNAL OF SOLID STATE CIRCUIT, Vol.32, No.6, Satosh, 

Shigematau, 1997. The D type flip-flop circuit shown in Fig. 2 is provided with a data keeper 
230 for storing data in sleep mode and outputting the stored data in sleep mode to a master 
,atch unit 210 and a slave latch unit 220 when the state of the system is restored to actrve 
mode so mat an output of the flip-flop circuit retains a former state. In the circurt in F.g. 2, 
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,he ,ogic circuit units 210 and 220 employ a low Vth transistor to increase an operate speed 

and the data keeper 230 uses a high Vth transistor to decrease a leakage current. In addtaon 

,he data keeper 230 is directiy connected to the power supply voltage and the ground smce h 

should be operated in sleep mode. 

However^cpnoranDtypeflip-flopcncuitasshowninFig.ihaved.fficnlt.estha. 

the data keeper 230 should be additively inserted in the circuit to retain the data, data 
retaining control signals Bl, BIB, B2 and B2B should be used to control a data readme 
operation due to a co-relationship of a former clock signal and data on the converse from 
sleep mode to active mode, and a control circuit for controlling these data retammg control 
10 signals should be performed in a top level of the circuit design step. 

^ITMMAKY Q"THF INVENTION 
to accordance with the present invention to solve the above-mentioned problems a 
flip-flop circuit employing an MTCMOS technology is capable of returning a state jus. before 
15 toesleepmodewhenthestateofthesystemisconvertedfromsleepmodetoaetivemodeby 

using a sleep mode control signal by means of adding a feedback circuit to the conventual 

flip-flop circuit. 

An object of the present invention is to provide a flip-flop circuit employmg an 
MTCMOS technology capable of retaining a state jus. before the sleep mode when the state 
of the system is converted from sleep mode to active mode. 

An MTCMOS flip-flop circuit to accordance with the present favenhon compnses a 
master latch unit and a slave latch unit, for latching input data and outputting the data under 

Jus, before the admission to sleep mode when the state of the system is converted from sleep 
mod e to active mode by means of making a data state of an input terminal of a master latch 
circuit into the same state as an inversed data state of an input terminal ofaslave latch ctrcut, 
to sleep mode and storing the data state of the input terminal of the master latch ctrcutt. 

An MTCMOS flip-flop circuit to accordance with the present mventton ts 
characterized in that toe MTCMOS flip-flop circuit comprises a switching transrstor 
30 connected between a virtual ground and a ground, which is turned on by a sleep mode control 
signal in sleep mode and tamed off by the sleep mode control signal in active mode. 

An MTCMOS flip-flop circuit to accordance with the present invention ,s 
characterized in that the MTCMOS flip-flop circuit comprises a data retention feedback 
circuit for inverting data from the input terminal of the slave latch circuit under the contro. of 
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an inverted sleep mode control signal, and outputting the data to the input terminal of the 
master latch circuit, thereby reining a state jus. hefore the admission* sleep mode of an 
output of the flip-flop circuit when the state of the system is converted from sleep mode to 

active mode. _ „i. 

The data retention feedback circuit is characterized in that the data retcntton fee back 
circuit comprises a flrs. inverter for inverting the inverted sleep mode control signak a first 
PMOS transistor having a source terminal connected to a power supply voltage, and a ga e 
terminalto which an output signalofthe first inverter is applied; a second PMOS trustor 

10 ^ aB ^ fc ».M---«f»'*» tt ' dlBi, ' M ™ , '" 1,4 . t 

for outputting a feedback output signal; a first NMOS transistor having a dram termmal 
connected to a drain terminal of the second PMOS transistor, and a gate terminal connected 
t0 a gate terminal of the second PMOS transistor; and a second NMOS transistor havmg a 
drain terminal connected to the source terminal of the first NMOS transistor, andasource 
terminal connected ,o a ground of the gate terminal to which theinverted sleep mode control 

signal is applied. . . 

The MTCMOS flip-flop circuit of the present invention is charactered m that the 
master latch unit is consisted of a high-Vth transistor, and the slave latch unit is consrsted of a 
low-Vth transistor. 

The MTCMOS flip-flop circuit in accordance with .he present inventron ,s 
characterized in that the circuit is provided with a sleep mode control circuit for retaining the 
Cock signal in low state regardless of an external clock signal in s,ecp mode, and outputtmg 
an inverted signal of the external dock signal as the interna, clock signal in acttve mode. 

The sleep mode control circuit is characterized in that the sleep mode control crcm. 
comprises a flrs, PMOS transistor having a source terminal connected to a power supply 

PMOS transistor having a source terminal connected to the drain terminal of the firs PMOS 

connected to a first node; a first NMOS trustor having a drain termmal connected to 

connected to a ground; and a second NMOS transistor having a drain terminal connected to 
the first node, a gate tormina, for receiving the inverted sleep mode control signal, and a 
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^UO — HsaU-V* — andmesecondPMOS — thenrst 
Los transistor and the second NMOS transistor - lo w-Vth— , 

^^^^^ 

^ nt^i^—U— gapartorn.ogiccircmtdesignedhy 

joying an MTCMOS technology; ircuit capabl e of 

Fig. 2 is a diagram illustrating a pnor art MTCMUi. tup P 

emhodhnentofthepresentinventio »^° f — ^^^Le^en. 
Fig. 4 is a diagram illnstrating inverters m the cretin shown m F.g. 

^Sisadiagramilltistiatingasw.tehing— r connected hot^n a virtual 

Fig eisatmmgdiagramoftheetiemtmF.g.S.llustratmgth 
sl eep mode isretained on the conversion fromsleep mode to activemod, 

5 is a diagram illnstrating an NMOS trans,stor virtual ground VGND is not 
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to the™tu * vGND and the ground GND as shown in Fig. 5. 

^ ClMkS ^ rt T^aTforteceiving the interna, clock signal CK and inverting tt, and 

-e rt ingit;an,nvertermVJ2^ ^'^^^o .. 
output stgnal of the inv rter , ^ ^ a slaye 

^ O, ° fttetat ^ Cl0Ck TXf— ,,ateh,ngit,andou t pu«,ng,t«oanode 
latch unit 320 for recexvrng a stgnal of the a 

node N3 under control of an inverted sleep mode control s.gnal SCB and gen 

S0U „ M —toad— lo ectedtoanodeNS.an 
forreceivinganextemaiclockstgnalCLK.andadram a gat e terminal for 

receiving an external clock signal CLK, anu * 

connected to a ground GND. An internal clock ^ cons isted of a transmitting 

25 -nras.^atchunitafOinclnd.a^^ gittot henode 

gate^lforreccivinganoutpntstgnaof^^ ^ ^ dock signal 

a too a r,H inverting it and a transmitting gate TG32 tor receiving 

. 1 v '^irK and an inverted internal clock signal CKN. 
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• , ,» ■ «w latch gate 322 consisted of a transmitting 
Theslavelatchunit320mcludesaslavelatchgate mderthe 

.«,«. of the node N2 and transmitting it to a node in 
^7033 for rece.vu.gas^ ftheno ^ dock signal C KN ; and a s.ave 

control of an interna! clock srgnal CK and an nve ^ ^ 

latch circuit 324 for receiving an output stgnal of the slave ga 

sigB al of the inverter INV36 and transmtthng tt to the node N3 

inverted sleep mode control stgnal SCB and g ^ ^ ^ 

sour ce terminal 

output signalof theinverter ^~JmP33, ag.etermina., 
— — toa^ram— ^ input signa , FBI , and a dr,n terminal, 
connected to the node N3, for receiving nmoS transistor 

-T:r— 
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When the flip-flop circuit in Fig. 3 is operated hr active mode, i.e., when a sleep mode 
t0 a ground, and low-Vth transistors are normally operated. Since the inverted sieep mode 

mode centre, circuiOSOhasanmetionofinverter consisted of the PMOS tranststor MP32 
and theNMOS transistor MN31, thereby inverting an external clock signal CLK and 
generating an interna, clock signa, CK. On theother hand, in this eondihon, since the PMOS 

340 does not affect an operation of the flip-flop circuit. 

Therefore.inthiscondition^eflip-flopcircuiternployingfl.eMTCMOStechno.ogy 

m Fig 3 is operated as a general D-type flip-flop eireuit, and the master latch unit 3,0 and 
t Jave ,atchunit320 is operated to ,atch „ input signal D and send it under the control of 

an external clock signal CLK. 

A mechanism of data transition of the flip-flop is as foflows. When an externa, clock 
signa, CLK is in low state, the transmitting gates TG3, and TG34 become "on", and the 
transmitting gates TG32 and TG33 become "off. Thus, variations of input data are 

"„:dandou;u,inthes,ave,atchuni,3 2 0. When an externa, Cock signal CLK becomes 
high state, the transmitting gates TG3 1 and TG34 become "off, and the transmitting gates 
TG32 and TG33 become "on". Thus, a signal of the node N2 before an external Cock signal 
CLK becomes high state is ,atched at the master latch unit 310, thereby being output. 
5 output data Q of the flip-flop through the transmitting gate TG33 and the inverters 1NV35 

and INV37. , . _ 

Asdescribedhereinabove,thetransmi.tingga.esTG31 and TG32 and inverters 

M V33 and INV34 main.y accomphsh a function of latching a current data state at an edge of 

30 andlNVSSmainlyaffecttheoperationspeedoftheflip-flop. Therefore, in the present 

Lntio .the— in , m r m **^™U™>»>*™«jf 
INV38 are consisted of a low-Vth transistor to prevent an operatton speed ofthe flip-flop 
& omloweri„g. to addi ti omSineethes,eepmodecon tt olcircuit330accomp,ishesa 
function of converting an externa, eloek signal CLK to an internal Cock signal CK and 
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a nf the flip-flop Only the PMOS transistor MP31 is consisted of a 

* , TLl SC is in low state, and an inverted sleep mode eon.ro! signal SCB >s m htgh 
betweenmevtrmalgrou.dVGNDand^^ 

more Meanwhi,e,,n fll iseondition,sinee t hePMOS tra nsisto r MP33andtheNMOS 

l ister MN34 become "on", the d a,a retention feedback circuit 340 operates as an nverte 

330 is in low state, the transmitting gates TG31 and TG34 become , . 

renononatebasme— g gate TG34 beeomes ^ e„nd = sm^e 

20 retentionfeedbaekeircu^^andfeedbaekstotbenodeNl. Tbe s.gnal of th n *m s 
in vertedb y tbeinverterINV33tobe tt ansmiUedtomenode N 2,andtbest g ,a,of«ben 

„ termmaKnodeNDofmemasterlatchcireuitSHjustbeforesieepmodersequaltoadam 

rml,tcbtT,310. AsaresnLavalueofthefeedbaoKoutpntsignalFBOof. 

value of the input terminal (nodeNl) of the master latch circuit 314. ^ r ^ aS °^ ^ ^ ^ 
e,uaUzingthe data valueofthe input terminal (node Nl) of the master latch ctrcutt 3 4) and 
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other depending upon a status of the clock sgn active For 

example, in case of adm.ss.on mto sleep mo clk ^ . n ^ 

signal CLK is in high state when the state (nodeNl) of the master latch circuit 314, 

(nodeNl) of the master latch circuit 314 *> m ^ a ^ a 

^^Tr^^-^i-resleepmoderegardiessofa 

20 ^ SmC ethePMOS — ^--"-^"^ 
c.rcu,p,h,,e, y tohere S ulted— ^.^a. 

-XCMOSteColog, '^alea.gecurrent.e 
In the circuit shown in Fig. 3, on 
„,„ moti TG31 TG34, and NMOS transistors of INV32 and INV 
MP31, MP34, MN33, TG31 TG3 ^ ^ upon [he 

transistors or NMOS transistors of INV35 and ^ of high-Vth transistors, a leakage 

statU sofnodes. Since all of these transistors * consist^ J „ re , power 

nt bv the low-Vth transistor in the circuit shown in Fig. 3 . 
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When the flip-flop eircui, shown in Fig.3 is converted from sleep mode to active 
♦ ' 1 ion»l SCB is in low state, an operation of the circuit is as follows. 

™ 'r-r^ 

i 1 v -^irTK is in low state, the transmitting gates TG31 and lW4oe 

»^~"^"""" >olT0SJl ^.„ r . A ,. OT i t .--.ri»» 

===== s=r 

r iA A*, nresent invention shown in Fig. 3 is retaining 
iwttpMOS technology in accordance with the present lnvein 

« • t „,rt a D tvoe flip-flop circuit in accordance with the present 

^ 1 /67 of that of the pnor art. Also, since tne u iypc v 
type flip-flop circni. employing the high-Vth transistor only. 



[Tablel] 



Item 


The present 
invention 


Low-Vth 
DFlip-flop 


High-Vth 
DFlip-flop 


Operation 


1 


0.954 


1.27 


speed 

Leakage 
current 


1 


67.79 


2.42 
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While this inventionhasbeendescribed in connection w,th what 
cover various .edification within the spirit and scope of the appended clanns. 
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